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ABSTRACT 

The distance to the Galactic center inferred from OGLE RR Lyrae variables observed in 
the direction of the bulge is i?o = 8.1 ± 0.6 kpc. An accurate determination of Rq is hindered 
by countless effects that include an ambiguous extinction law, a bias for smaller values of Rq 
because of a preferential sampling of variable stars toward the near side of the bulge owing to 
extinction, and an uncertainty in characterizing how a mean distance to the group of variable 
stars relates to Ro. A T^I-based period- reddening relation for RR Lyrae variables is derived to 
map extinction throughout the bulge. The reddening inferred from RR Lyrae variables in the 
Galactic bulge, LMC, SMC, and IC 1613 match that established from OGLE red clump giants 
and classical Cepheids. RR Lyrae variables obey a period-colour (VI) relation that is relatively 
insensitive to metallicity. Edge-on and face-on illustrations of the Milky Way are constructed 
by mapping the bulge RR Lyrae variables in tandem with cataloged red clump giants, globular 
clusters, planetary nebulae, classical Cepheids, young open clusters, HII regions, and molecular 
clouds. The sample of RR Lyrae variables do not trace a prominent Galactic bar or triaxial bulge 
oriented at 6 ~ 25°. 



Subject headings: 



1. Introduction 



Recent estimates of the distance to the cen- 
ter of Milky Way range from Ro ~ 7 — 9 
kpc (iGroenewegen fc Blommaert 20051: Bica et al 



20061: iFeast et al.l 120 08: Grocncwcgc n et al.l 



Vanhollcb eke et al.l l2009t iMaiaess et al 



2008; 



2009; 



Matsunaga et al. 20091) . The standard error as- 



sociated with Rq as inferred from variable stars is 
often smallest owing to sizeable statistics (< 5%, 
se= a/^/n). Yet it remains a challenge to iden- 
tify and mitigate the dominant source of error, 
namely the systemic uncertainties. In this study, 
several effects are discussed that conspire to in- 
hibit an accurate determination of Rq from the 
photometry of variable stars. RR Lyrae variables 
detected in the direction of the bulge by OGLE are 
utilized to estimate the distance to the Galactic 
center, to map extinction throughout the region 



surveyed, and to assess the morphology of the 
Galaxy in harmony with red clump giants and 
pertinent tracers. 

2. Analysis 

2.1. Sample &; Distribution 

The sample of R R Lyrae variables used here 
i s tha t compiled by ICollinge. Sumi. fc Fabrvckv 
([20061 ) from the OGLE sur v ey of Galactic bulg e 



fields (lUdalski et al.1 I1992L l2002t ISumil [2004) 



Reader s are referred to the co mprehensive discus- 
sion in ICollinge et al.l (|2006l ) regarding the con- 



struction of the database. Stars exhibiting spu- 
rious distances were not included in the present 
analysis. 

It is instructive to begin by examining the dis- 
tribution of RR Lyrae variables in position, mag- 
nitude, extinction, and distance space. The loca- 
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Fig. 1. — Edge-on view of the Milky Way as delineated by OGLE bulge RR Lyrae variables (red dots), planetary 
nebulae (black dots), and globular clusters (blue dots) in Galactic coordinate space. 



tions of the variables are mapped on an edge-on 
model of our Galaxy as illustrated by planetary 
nebulae and globular clusters (Fig. [T]). The dis- 
tribution of planetary nebulae in Galactic coor- 
dinate space wa s compiled from th e catalogs of 



Kohoute kl (120011) and MAS H I fc II (IParker et al 
20061: iMiszalski et alJliooi ). iHarrisI (|l996l ) tabu- 



lated the relevant data for globular clusters. Plan- 
etary nebulae, whose progenitors are primarily old 
low mass objects, outline the Galactic bulge where 
th eir distribution peak s rather clearly (see Fig. 1 
of Majaess et al.l 12007 ). RR Lyrae variables are 
not sampled in areas tied to anomalous extinction 
near the plane (Ay > 8, Fig. [5]), and a similar ab- 
sence is noted for planetary nebulae (Fig. [I] right). 

The distribution of the sample's mean mag- 
nitude as a function of Galactic position indi- 



cates uneven sampling (Fig. [2]) . The survey pro- 
ceeds deeper in tandem with the need to overcome 
increasing extinction toward the Galactic plane, 
namely (V) ~ 17 at b ~ -6°, (V) ~ 19 at b ~ 3°, 
to (V) ~ 21 at b~ -1°. 

2.2. Extinction 

Extinction throughout the bulge can be as- 
sessed by constructing a period-reddening relation 
for RR Lyrae v ariables, in similar fashion to clas- 
sical Cepheids (jMaiaess et al.ll2008l l2009cl ). That 
relation shall also facilitate the mapping of inter- 
stellar reddening for regions throughout the Milky 
Way and beyond. An RR Lyrae variable's colour 
excess may be approximated by assuming that: 

E B -v ~a\ogP + P(m\i ~ m\ 2 ) + <f> 
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Fig. 2. — The mean visual magnitude, colour-excess, and distance associated with the RR Lyrae variables as a 
function of Galactic longitude and latitude. 



where a, /3, and <\> are coefficients that can be 
derived by minimizing the x 2 statistic for a cal- 
ibrating data set, and m\i and m\2 are mean 
photometric magnitudes in different passbands. 
The calibrators are RR Lyrae variables in the 
globular clusters M3 faartman et"alll2005[). M5 4 



(|Lavden fc Saraiedinill2000lh M92 (lKopackill200llh 



and NGC 644f (jPritzl et al.1 120031 ). Redden 



ings for the calibrating globular clusters were 
acquired from variou s studies (e.g., lHarrisl [i996: 
Maiaess et al.ll2009d ). The optimum solution is: 



E B - V ~ -0.88 logP/ + 0.87(V - I) - 0.61 (1) 

which reproduces the calibrating set with an av- 
erage uncertainty of ±0.03 magnitude. The true 
scatter applying to use of the relationship for indi- 
vidual RR Lyrae variables may be larger, particu- 
larly for stars near the edge of the instability strip. 
The relation can provide first o rder estimates 
to complement space reddenings ((Benedict et al.l 
l200ll2007tlLanev fc Caldwellll2007ilTurnei201oj r 
RR Lyrae variables pulsating in the overtone were 
shifted by log Pf ~ log P o + 0.13 to yield the equiv- 
alent f undamental mode perio d (Walker fc Nemec 
19961 : ISoszvnski et"aT1 120031 : iGruberbauer et al 



20071 : iHurdisI |2009| ). Alternatively, M3 offers 
a unique opportunity to infer the intrinsic VI 
colours of RR Lyrae variables directly since fore- 
ground extinction alon g the globular cluster's lin e 
of sight is neglig ible dMcClure fc Racind Il969l h 
Thus a formal fit to VI photometry of RR Lyrae 
variables in M3 may be emplo yed to establi s h red - 
denings. An interpretation of iBenko et al. ( 20061 ) 
M3 photometry is given in Fig. [3] 

Reddenings for locations sampled by the sur- 
vey are mapped as a function of Galactic position 
(Fig. [2]). The following general trend can be in- 
ferred regarding extinction throughout the bulge, 
namely that it is not symmetric or uniform. For 
example, across b ~ 3° the reddening varies from 
approximately E B -v - 0.6 2.3 (Fig. [2]). The 
reddening throughout the entire sample ranges 
from Eb-v — 0.4 — > 3.4, with extinction increas- 
ing to a maximum near the dust ridden Galac- 
tic plane (Fig. [5]). The estimated colour-excess 
is in satisfac tory agreement with that inferred by 
Sum 1 (|2004h from adjacent OGLE red clump gi- 



ants (Fig. HI). 

The robustness of equation [T] may be further 
evaluated. Drawing upon photometry for RR 
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Table 1 

Mean reddenings for the galaxies (E b _ v ) 



Object 


Classical Ccphcids 


RR Lyrae Var. 


Red Clump Giants 
CUdalski et al. 1999) 


Zaritsk^ et al 
fNgeow et al. 


2004 
2009) 


Photometry 


LMC 


0.14 


0.12 


0.14 


0.13 




(1,2,6,7,8) 


SMC 


0.13 


0.10 


0.09 






(1,3) 


IC1613 


0.05 


0.05 








(4,5) 



Note.— (l)IUdalski eFall J1999D. (2) ISoszvnski et alj J2009T), (3) ISoszvnski et alJ J2QQ2p, (4 ) [Dolphin et all l f200lT ). 
(^ lUdalski et al.H200U) . (6) [Soszvnski et alj|2008hh , (7) [Cioni et alj 120000. (8)IMass cy (2002). The classical Cepheid 
reddenings are inferred from the Galactic calibration of Majacss ct al. (2009c). *** The colour excess varies with 
position across the Magellanic Clouds and shall be elaborated upon elsewhere. 
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Fig. 3. — Top, VI colours for RR Lyrae variables 
in M3 exhibit a period depen dence (photometry from 
iBenko. Bakos. fc Nuspl^OOel 1 ). The overplotted rela- 
tion is Eqn. [j] (red line) or (V - I) ~ (V - I)o ^ 
0.7 + log Pf. Bottom, the computed colour-excess us- 
ing Eqn. \T\ 



Lyrae variables in th e LMC ( Udalski et al. 1998; 



Soszynski ct al. 2003, 2009), SMC (Udalski et al 



1998; Sos zynski et al. 2002), and IC 1613 (Dol phin et al 



2001), the resulting mean reddenings for the galax- 



ies are consistent with estimates inferred from red 
clump giants, a Galactic classical Cepheid rela- 
tion, and other means (Table [I| . That indicates 
RR Lyrae variables adhere to a period-colour (VI) 
relation which is relatively insensitive to metallic- 
ity. Perhaps an expected result granted the slope 
of near infrared RR Lyrae variable and Cepheid 
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Fig. 4. — The colour-excess inferred from bulge RR 
Lyrae variab les (Eqn. [1} match estimates compiled by 
ISumil (|2004T l for adjacent red clump giants. 



distance relations are co mparatively unaffected 
by chemical composition rtLongmore et al. _ 19901 



jngr 

Udals ki et al. Il200ll: lBqnoll2003 bt IPietrzvnski et al 
20041 : IPersson et all 12004 ISollima et all | 2006 : 

Benedict et al 



Del Principe ct al. 120061 



2007 



van Leeuwen et al.l2007llFouaue et al-teOOTtlMatsunaga et al 
2006tlMaiaess et al.ll2008ll2009Ucl : lMaiaessll2009dl )~ 

By contrast, readers should exhibit caution when 
employing BV relations for Cep heid and RR Lyrae 
varia bl es of differing abundance (ICaldwell fc Coulson 



1985; Madore fc Freedman 1991; Chiosi et al 



Di Criscienzo et al 



1993 1 : iTammann et alTT2003t 
l2007t Wajaess et al l 120081 l2009d l . The com- 
puted colour-excess of the brightest member 
of the variable class, RR Lyrae, is Eb-v — 
0.0 1. That a grees with both a value cited 
by iFeast et aL ( 2008 ) and a field reddening in- 
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Fig. 5. — OGLE RR Lyrae variables nearest to the 
Galactic plane (b ~ —1.5°) and fainter than V ~ 19 
are not sample beyond d ~ 8 kpc (blue dots). 



ferred from 2MASS 



ods tested elsewhere 


dBonatto et al. 2004. 120061: 


Maiaess et al. 2007 




20081: iBonatto & Bical |200» 


Turner et al. 2009b 


d 


:lTurnerll2010l). The implied 



absolute magnitude for RR Lyrae is My 
assuming Er-v — 0- 1 (eqn. [H) and d 



0.55 
260 pc 



dBenedict et al J 120021 iBono et all 120021 : iMaiaess 



2009dl ). To establish the parameters VI pho- 
tometry from The Amateur Sky Surv ey for RR 
Lyrae was utilized ( Droege et al.ll2006l) . although 



concerns persist regarding the survey's photomet- 
ric zeropoint and the star's modulating ampli- 
tude. An ephemeris to phase the V & I data 
was adopted from the GEOS RR Lyr da t abase 



2007b . 



(Boninsc gna et al.l l2002t iLe Borgne et al.l [2004, 



2.3. Distance 

A Type II Cepheid VI reddening-free relation 
is employed to provide dista nces for the sample o f 
RR Lyrae variables (Eqn. 2, Majaess et al. 2009h . 
Relying exclusively on the p h otomet ric surveys 
of fellow researchers, iMaiaesd (|2009df ) reaffirmed 
that to first order SX Phe, RR Lyrae variables, 
and Type II Cepheids may adhere to a common VI 
period-magnitude-colour relation (see also the in - 
teresting JHK S results of Matsunaga et al. 2006) . 
A VI Wesenheit diagram and function illustrate 
the underlying period-magnitude continuity unify- 



i ng variables of the population II instability strip 
(|Majaesdl2009dh . although perhaps somewhat im- 
perfectly. Admittedly, small statistics inhibit an 
elaborate analysis toward the SX Phe regime and 
RR Lyrae variables may exhibit a steeper Wesen- 
heit function than Type II Cephe ids. However , 
distan ces inferred from Eqn. 2 of iMajaess et al 
(2009) are, however, largely insensitive to that lat- 
ter pu tative difference (Fig. [101 see also IMaiaess 



2009dJ). The slopes of the Wesenheit functions 
characterizing shorter-period Type II Cepheids 
and RR Lyrae variables are generally consistent 
with the predictions of Marconi, Di Criscienzo, & 
collaborators, underscoring the viability of their 
research team's pu lsation models. Reade r s are re- 
ferred t o studies bvlvan den Berghl(ll968l). | Madorel 
( 19821). iQpolskil (Il983l). iKovacs fc Jurcsikl (Il997l): 



Kovacs fc Walkerl (120011). I Di Criscie nzo. Marconi. &: Caputo 
(120041) iMadore fc Freedmanl (|l99l[ I2009I ). and 
Turnerl (j2010l) for a broader discussion regard- 



ing RR Lyrae and Ce pheid Wesenhei t relat ions. 
The calibrators of the IMaiaess et al. (120091) 
distance relation were OGLE LMC 
Cepheids 



VI 
Type II 



( Udalski et al. 19991 Soszynski et al 



2008), with an adopted zeropoint to the LMC es- 
tablished from class ical Cepheids and other means 
((m- M)n ~ 18.50. iLanev fc Stobidll994l:lGibson 
2000t iFreedman et al.ll200ll [Benedict et al.l 12002: 



Majaess et al.l 120081 : lMajaessll2009dl ). The classi 



cal Cepheid zeropoint t o the LMC was inf erred 
from the p h otome try of Udalski et al. (1999) and 
Sebo et al.1 (|2002l) . using the reddenin g-free dis- 
tance relation of iMai aess et al.l (120081 ) . That 
relation is tied to a restricte d subsample of 



Gala ctic cluster Cepheids (e.g., Turner fc Burkd 



2002) and Cepheids with new HST parallaxes 



( Benedict et al. 2007) 



The mean distance to the sample of RR Lyrae 
variables observed in the direction of the bulge 
is 8.1 ± 0.6 kpc (cr/2). Yet what is the relation 
to Rq, the distance to the Galactic center? The 
mean is Rq if the sampling were uniform across 
a symmetric bulge. However, a fraction of RR 
Lyrae variables are not sampled equally at the 
rear and forefront of the bulge. Indeed, as the 
survey nears the Galactic plane, the effects of ex- 
tinction increase the magnitude threshold needed 
to adequately sample the bulge beyond the limit 
of the survey (Fig. [2[ [5]). The mean distance in- 
ferred from RR Lyrae variables near b ~ —1° is 
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d ~ 7 kpc, while at larger Galactic latitudes it 
is approximately a kiloparsec further (Fig. [21 [5J. 
RR Lyrae variables fainter than V ~ 19 and near- 
est to the Galactic plane are not observed beyond 
~ 8 kpc (Fig. [SJ . Establishing Rq from that lim- 
ited subsample shall yield a result systemically too 
close. The data were therefore exclude d from the 
derivation of Rq. Maiaess et al. ( 20091 ) suggested 
the impact of the bias may be assessed by ascer- 
taining i?o via an alternative approach, namely 
by adding an estimate for the radius of the bulge 
to the distance to its near side. Admittedly, that 
approach introduces new uncertainties and is ide- 
alistic granted the bulge may be triaxial (Fig. [5]). 

Establishing the distance to the Galactic center 
from either bulge Type II C epheids ([Kubiak fc Udalski 
120031: iMaiaess et al.ll2009h or RR Lyrae variables 
yields an analogous result (i?o — 8 kpc). How- 
ever, that result depends rather sensitively on the 
extinction law adopted, particularly since the red- 
denings are inherently large (Fig. [2]) . The nature 
of the extinction law toward the bulge is actively 
debated and is thus a primary sour ce of uncer- 
tainty in the determination of Rq (Gould et al.l 
200lHUdalskill2003t I Ruffle et al.ll2004J: ISumill2004t 



Kunder fc Chaboverl 120081 ). The IMaiaess et al. 
(2009) distance relation employed here assumes 
an extin ction law simil ar to that cited for bulge 
stars by lUdalskil (|2003f ). In hinds ight, however, 
perhaps the l e ast squares approach adopted by 
Maiaess et all (|2008l 120091 ) to obtain the coeffi- 



cients of the Cepheid (Type I & II) distance rela- 
tions, which includes an estimate for the pseudo 
extinction law term, should be forgone in favour 
of relations derived assuming an extinction law a 
priori. The matter shall be elaborated upon in a 
separate study. Nevertheless, the distance derived 
here to the center of the Milky Way agrees with 
that inferred by geometr i c mea ns (i?o — 7.6 — 8.3 



kpc. IVanhollebeke et all 120091 Table 1). Note, 



however, that geometric-based estimates of Ro 
exhibit scatter and non-zero uncertainties, impor- 
tant details which are oft en overlooked includ ing 
previously by the author ( Maiaess et al. 20091) . 



2.4. Galactic Structure 

One commonly proposed scenario has the Milky 
Way exhibiting a bar oriented at <f> ~ 25° along the 
sun-Galactic center line. The reputed bar typi- 
cally extends from — 10 < £ < 10°, being nearer to 



the Sun for positive I. However, RR Lyrae vari- 
ables do not appear to delineate a prominent bar 
or triaxial bulge at <f> ~ 25° (Fig. H 0). Inci- 
dentally, nor is extinction in the region of 5 < 
£ < 10° anomalous, as otherwise expected if ob- 
serving through a dense thick bar (Fig. [2j [6]) . A 
formal fit to the variable star sample binned in £ 
yields (j> ~ 77 ± 15°, which is also in agreement 
with an axisymme tric distribution (Fig. El top). 
lAlcock et all (|l998l) and lKunder et all (|2008l) like- 
wise note that there is marginal evidence for a bar 
in the distribution of bulge RR Lyrae variables. 
Readers are referred to their studies for a compre- 
hensive discussion of the proposed rationale. 
Nishivama et all (|2005ll2006l) infrared survey of 



red clump giants put forth detailed evidence that 
the Milky Way exhibits a distinct nuclear struc- 
ture nested within a primary bar (Fig. |6l mid- 
dle). Indeed, considering the inner region of the 
gala xy NGC 1672 as a template (Fig. [51 bottom), 
the iNishivama et al.l data may imply the presence 
of two minor pseudo spiral arms or spurs (note 
the dust lanes) that emanate from a nuclear struc- 
ture and then reconnect to an underlying primary 
bar. The nested feature is oriented at an an- 
gle (4>n — 70°) consistent with the distribution 
of most RR Lyrae variables (Fig. [6]). RR Lyrae 
variables may in part sample that region which is 
nearly axisymmetric. While the pseudo minor spi- 
ral arms connect to a primary bar at 0b ~ 30°. 
The angle 4> as often cited in the literature may be 
a mischaracterization or average of two (or mul- 
tiple) distinct features (Fig. [6j middle). There 
lacks consensus on defining how that parameter 
should be ascertained from the data (Fig. HI mid- 
dle — e.g., a bulk mean, a mean from tip to tip, 
a mean for each structure <f >N & 4>b (preferr ed), 
etc.). The observations of Nishivama et al.l are 
based on high resolution sampling: 8' intervals 
from -10 > £ > 10° at b ~ 1°. By contrast, 
the data in Fig. [6] (top) consist of an admixture of 
RR Lyrae variables at differing b (Fig. [TJ [2]) . That 
complicates an interpretation of the RR Lyrae dis- 
tribution since a degeneracy emerges owing to a 
correlation between distance and Galactic latitude 
(6, Fig. [2]). For example, the most distant and de- 
viant point in Fig. [B] (top) is inferred from high 
latitude bulge variables observed through lo w ex- 
tinctio n (6 ~ —5°, Fig. [2]). Furthermore, ISumil 
(|2004l ) remarked that the ratio of total to selec- 
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Fig. 6. — Top, an orientation of (/> — 25° (sun-gc 
line) is not indicative of RR Lyrae variables detected 
in the direction of the bulge. Middle, red clump giants 
may trace a ne sted nuclear structure within a primary 
bar (data from iNishivama et al.ll2005l . 120061 ). Bottom, 
a reprocessed cropped portion of the HST image of 
NGC 1672. 



tive extinction may vary weakly as a function of 
galactic longitude, increasing from positive to neg- 
ative I. The effect on distances becomes magnified 
granted the reddenings are inherently large toward 
the Galactic bulge and near the plane. Adopting 
a mean R\ may tend to produce nearer distances 
for objects at positive I relative to objects at nega- 
tive I. That follows the orientation of the proposed 
bar. Admittedly, if that bias is real it affects the 
results derived here for the distribution of bulge 
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Fig. 7. — A compilation of results from studies of 
red clump giants exhibits unsatisfactory scatter. At 
increasing distance from the Galactic center the red 
clump giants (black dots) may be sampling spiral fea- 
tures in the young disk. HII region are symbolized 
by red open circles. The upcoming VV V survey shall 
bolst er statistics in the fourth quadrant jMinniti et ID 
l20ld ). 



RR Lyrae variables. 

The red clump giant observations of lNishivama et al 
were adopted verbatim and yet the seminal nature 
of the implied result demands rigorous scrutiny. 
Indeed, the reader should know there are count- 
less concerns, as with all distance candles. For 
example, a compilation of results for red clump gi- 
ants observed toward the Galactic bulge exhibits 
unsatisfactory scatter (Fig. [7]). The scatter at 
increasing distance from the Galactic center is 
exacerbated from sampling spiral features in the 
young disk (Fig. [7]). A separate overview of the 
conclusions from various red clump giant studies 
is give n in §2.2 & Table 1 of IVanhollebeke et al. 



( 200 91) . The inte r preta ti on and evidence presente d 



bv iStanek et al 



rpretat 
(Il994l) 



Rattenburv et al.l (|2007h . 



and Cabrera-Lavers et al.l ( 2008 ) should likewise 



be considered. 

A face-on perspective of the Milky Way (Fig. [8]) 
is now assembled from cata loged RR Lyrae vari- 
ables (ICollinge et al.l |2006l) red clump giants 
(INishivama et al . 2005, 2006), cl assical Cepheids 



Szabadoslll977l I198QLI1981I: iBerdnikovet al 
2000 ), young open cluste rs (|Dias et al.l 2002; 



Mermilliod fc P aunzen _ . 
ular clouds (|Hou et al.ll200~ ). Classical Cepheids, 



2n 20031), HII regions & molec- 



young open clusters, HII regions, and molecular 
clouds trace the Milky Way's younger spiral arms 
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Fig. 8. — Face-on view of the Milky Way as delineated by bulge RR Lyrae variables and red clump giants (red), 
classical Cepheids, young open clusters, HII regions, and molecular clouds. Left, illustration without molecular clouds. 
Right, illustration without HII regions. Bottom, data flipped and mirrored to provide perspective. 



( Wa lraven et al]ll958tlBoM1959llKraft fe Schm idt 



1963 : iTammannl Il970i: lOpolskil Il988t lEfremov 
19971 : iMaiaess et al.l l2009llbh ~~An overdensity of 



HII regions and molecular clouds is observed near 
the interaction between the reputed bar and young 
disk [X,Y~1.5,4 kpc] (Fig. [SJ. Interestingly, the 
Sagittarius-Carina arm may emanate from that 
region since it in part stems or branches from 
I < 35° rather than £ ~ 50° (IMaiaess et al " 



2009,3, see also Fig. 5 in iRusseill |2003|). Super" 



posed logarithmic spiral patterns ineptly char- 
acterize distinct features near the Sun, particu- 
larly segments of the putative Ori on spur or Lo- 
cal and Sagittarius -C arina arms ( Russeil 20031: 
IMaiaess et all 12009115 iHou et al.l |2QQ9j). Added 
flexibility is needed to consider spurs, and spi- 
ral arms that merge, branch, twist unexpectedly, 
and exhibit a degree of flocculence. Such fea- 



tures are common amongst a sizeable fraction 
of the Universe's galaxies, while perfect grand- 
design spiral patterns are less prevalent (browse 
the Atlas of Galaxies or Galaxy Zoo Pr oject, 
Sandage k Bedkelll988t iRaddick et aTl l2009). In- 



deed, the commonly espoused scenario of the Sun 
within a spur indicates that such features are likely 
not unique, and exist elsewhere throughout the 
Galaxy. More work is needed here, and a holis- 
tic approach that integrates RR Lyrae variable 
and red clump giant populations into analyses of 
the Galaxy's overall structure may facilitate an 
interpretation. 

Complementing the edge-on illustration of the 
Milky Way displayed earlier (Fig. Q}, 2MASS 
IR observations imply that the Milky Way ex- 
hibits a peanut sha ped bulge (Fig. |H1 see also 
Weiland et al. Il994h . That profile is argued 
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Fig. 9. — A reprocessed cropped portion of the 2MASS mosaic of the Milky Way l|Cutri et al.ll2003l ). The Galactic 
bulge exhibits a peanut-like morphology. 



by fello w researchers to indica te a bar seen 
edge-on (|Chung fc Bureaul l20o4 and references 
therein). Conversely, the morphology of the 
Galactic bul ge appears somewhat spherical in op- 
tical images (lGaposckinlll96ri Brunier fc Tapissier 



20091 : iMellingerl 2009). However, the bulge as- 
sumes a peanut-like geometry once anomalous ex- 
tinction across the Aquila Rift is accounte d for 
(jStraizvs et all 120031: iMaiaess et ail l2009bi and 
references therein). Readers are encouraged to 
correlate CO markers tied to molecular complexes 
in Aquila and Lupus with the corresponding dark 
rifts in A. Mellinger' s photographic mo saic of the 
Galaxy (see Fig. 6 of lDame et al.ll200ll) . 



3. Summary &; Future Research 

In this study, RR Lyrae va r iables cataloged 
by ICollinge. Sumi. fc Fabrvckv ( 2006 ) from the 
OGLE survey were used to determine the distance 
to the Galactic center, to map extinction through- 
out the sample, and to facilitate an interpretation 
of the Milky Way's structure. 

The implied distance to the center of the 
Galaxy is Rq = 8.1 ± 0.6 kpc. An accurate deter- 
mination of i?o is hindered by countless sources. 
It is insightful to examine a sample's distribu- 
tion in position, magnitude, and extinction space, 
to assess how the mean distance to a group of 
variable stars detected in the direction of the 
Galactic bulge relates to R (Fig. [Q [2J p. Ex- 
tinction imposes a preferential sampling of stars 
toward the near side of the bulge. Consequently, 
a mean distance inferred from that restricted sub- 
sample shall promote smaller values of i?o- The 
effect is particularly acute for RR Lyrae vari- 
ables near the Galactic plane (b ~ 0°, Fig. [2]), 
where excessive extinction increases the magni- 
tude threshold needed to adequately sample the 
bulge beyond the limit of the survey (Fig. [2j [5]). 
Furthermore, the supposed presence of a Galac- 
tic bar may bias estimates of Rq depending on 



which bulge region(s) are sampled. i?o shall 
be systemically too large if inferred solely from 
bulge stars at negative I that may outline the 
far side of the reputed Galactic bar (Fig. [B]). 
Caution is warranted when ascertaining Rq from 
groups of stars exhibiting poor statistics and sam- 
pling limited regions of the bulge. Additional 
concerns persist regarding an ambig uous extinc 



tion l aw for bulge stars {important, Gould et al 
20011: IUdalskill2003l iRuffle et al.l l2004t ISumill2004t 



Kunder fc Chabover 20081 ). anuncertaintv in the 



LMC's zeropoint which is implicitly tied to the 



ployed here (1 Gibson 


2000t Freedman et al.l 


2001; 


Benedict et al. 2002 


; Tammann et al. 2003 


), an 



ongoing debate surrounding the contested ef- 
fects of m etallicity for Cephei d and RR Lyrae 



variables jUdalski et al.l 1200 it Freedman et al 
lFeastj~ 



2001: Feas 



2003; Smith 2004; Mottini ct al. 2004; 



2008 



Sollima et al.l 12006c iMacri et al 
^20091 



Scowcroft et al 



Pietrzvriski et al.l [2004 iRomaniello et al.l 12 005 

" 2006c iBono et al 
Romaniello et al 



2008 : lMaiaess et al.ll2008tlCatelanl2009rlMaiaess et al 
2009| d: iMajaesd l2009c£ the effects of photo- 



metric contamination (e.g., blending & crowd- 
ing) on distances computed to variable stars 



mg ) on d istances computed to variabl' 
(IStanek fc Udalskil Il999t iMocheiska eta! 
200 ll 120021: iMacrJ poll iFreedman et al. _ 
Vilardell et al.ll2007[lsTnith et al.l2007tlMaiaess et al 





2000 




2001 



2009c), and floating photometric zeropoints ow- 
ing to the difficulties in achieving standard- 
ization 

2006e IJoner et all l2008| ). The author suggests 



particularly across a range in colour 
?urnerlll990[ [Stetson et al.ll2004t ISaha et al 
Joner et al 



the evidence indicates that V /-based RR Lyrae 
and Cepheid distance and period-colour rela- 
tions are relatively insensitive to metallcity, and 
thus by consequence, that the distance offset ob- 
served between metal-rich and metal-poor clas- 
sical Cepheids occupying the inner and less 
crowded outer regions of remote galaxies arises 
primarily from other source(s) (|Maiaess et al 
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2009d: lMaiaessll2009dl see alsolUdalski et al.l l2001 
Pietrzvriski et all 120041 : bono et al.ll2008l ). Read- 
ers are encouraged to also consider the dissenting 
views and varied interpretations presented in the 
works cited earlier. Firm constraints on the effects 
of metallicity, and hence crowding and blend- 
ing, may arise from a direct comparison of RR 
Lyrae variables, Type II Ccpheids, and classical 
Cepheids at a common and comparitively nearby 
zeropoint (e.g., SMC, IC 1613). 

The sample of RR Lyrae variables do not trace 
the signatures of a prominent bar or triaxial bulge 
orient ed at (ft ~ 25° (Fig . [21 [6]), as noted previ- 
ously (jAlcock et al.lll998l and references therein). 



The stars exhibit a more axisymmetric distribu- 
tion and may outline, in part, a nuclear structure 
(Fig.|6|). A confident interpretation is complicated 
by the admixture of RR Lyrae variables at vary- 
ing galactic positions. By contrast, younger red 
clump giants may delineate a nearly axisymmet- 
ric nuclear structure (<ftjv — 70°, Fig. [6]) nested 
within a primary Galactic bar (4>b ~ 30°). Yet 
there are pertinent concerns with the aforemen- 
tioned interpretation, and that found in the liter- 
ature ( gUl Fig. [B]&[7}. First, a compilation of 
results from several studies on red clump giants 
exhibits considerable scatter (Fig. [TJ) . The scatter 
at increasing distance from the center of the Milky 
Way arises partly from sampling spiral features in 
the young disk (Fig.[7])- Third, (ft as currently cited 
in the literature may be a mischaracterization or 
average of two (or multiple) distinct features (e.g., 
(ftjv & <fts, Fig. El). The structure of the Galaxy's 
inner region may be too complex to be ascribed 
a single linear term or angle (ft (Fig. |6]). Lastly, 
curiously, extinction in the region of 5 < I < 10° 
as inferred from RR Lyrae variables is not anoma- 
lous, as otherwise expected if observing through 
a dense thick bar delineated by red clump giants 
(Fig. E). 

Edge-on and face-on illustrations of the Milky 
Way are constructed by mapping the OGLE RR 
Lyrae variable sample in tandem with cataloged 
red clump giants, planetary nebulae, globular clus- 
ters, classical Cepheids, young open clusters, HII 
regions, and molecular clouds (Fig. [TJ [8|). An 
abundance of HII regions and molecular clouds 
are observed near the boundary between the re- 
puted Galactic bar and young disk [X,Y~1.5,4 
kpc] (Fig. |8]). Moreover, the Sagittarius-Carina 
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Fig. 10. — RR Lyrae variables follow VI period- 
colour and Wesenheit period-magnitude-colour rela- 
tions (e.g., RRe— >RRab varia bles in the globular clus - 
ter IC 4499, photometry from lWalker fc Nemedfl996l ). 
The cluster's distance and mean colour-excess are 
(m-M)o = 16.40±0.04 (sd) and E B -v = 0.27±0.03 
(sd). Note the minimal internal scatter. 



spiral arm may in part originally stem or branch 
from near that region (Fig. [5]). 

A VI-hased RR Lyrae period-reddening re- 
lation derived here reaffirms that extinction 
throughout the bulge is highly inhomogeneous, 
varying from E B -v — 0.4 -> 3.4 (Eqn. Q] & 
Fig. [5]). RR Lyrae variables, red clump giants, 
and classical Cepheids provide consistent redden- 
ings for the Galactic bulge, LMC, SMC, and IC 
1613 (Table [[]). The Fi-based RR Lyrae colour- 
excess relation appears relatively insensitive to 
metallicity and may be further refined by obtain- 



lar clusters (e.e.. ISawverlll939: Dcmers & Wehlau 


1977; Lavden et al. 19991: IClement et al. 


2001 


Pritzl et al. 


2003; Home 2005; 


Benko et al. 


2006; 


ISamus et al. 


2009). A sizeable portion of the ob- 



serving prog r am at the Abbey Ridg e Observatory 
(|Land 120071 ; iMaiaess et ail l2008bl ; iTurner et al 
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2009al ) shall be dedicated to such an endeavour. 
Modest telesc opes may serve a pertinent role in 
such research dPercvlll98Cl Il986t ISzabadosll2005 ' 



Paczvhskil l200l iGenet et all l2009t iTurner et 



2003; 
et al.l 



2009af) . 

RR Lyrae variables follow VI period-colour 
and scatter-reduced Wesenheit period-magnitude- 
colour relations as demonstrated here and else- 
wher e ( Kovacs fc Jurcsiklll997l; Kovacs fc Walkerl 



is invaluable in assessing the abundance of a tar- 
get population to first order, etc. Yet there are 
also innumerable advantages to employing We- 
senheit and period-magnitude relati ons to charac- 
terize RR Lyrae variables (see also iBonol 2003b; 
Dall'Ora et al1l2004 liool 120081 ICatelarJl2009l ) 



Lastly, ge ometric-based dist a nces t o the Galac- 



2004tlBenko. Bakos. fe Nusp]l20o5TDi Criscienzo et 
20071 : ISoszvnski et al.l I2OO9I : Majaesd l2009dh . A~ 
pertinent example is the RR Lyrae demographic 
in the glo bular cluster IC 4499 (F ig. \W\ photom- 
etry from IWalker fe Nemed 119961 ) . The Wesen- 
heit function may be inferred without a priori 
knowledge of the colour-excess, and the distances 
ensue. Indeed, the Wesenheit function shall be 
readily employed upon the release of data from 
the upcoming Gaia survey since the relation may 
be calibrated directly via parallax and apparent 
magnitudes, mitigating the propagation of un- 
certainties tied to extinction correction s (Gaia: 
lBonoll2003at lEverll2006l lEver et al.ll2009h . In the 
interim, however, further work is needed to scru- 
tinize the Wesenheit approach to investigating 
RR Lyrae variables, and to shift from a broad 
outlook to assessing finer details (e.g., is the re- 
lation marginally non-linear, particularly toward 
the RRe regime, etc). Applying a strict [Fe/H]-M„ 
correlation to infer the distance to individual RR 
Lyrae variables with differing periods may yield in- 
accurate results. The [Fe/H]-Mu relation displays 
considerable sprea d at a given metallicity (Fig. 1, 



2001 1 I Soszvnski et alj2003t" Di Criscienzo. Marconi, fe CcBQ6a ; van Leeuwen et all 2007 ) , open clusters 
2004; Bcnko, Bakos, & Nuspl 2006tlDi Criscienzo et all (e.g.jTurner fc BurkdbOOalSoderblom et al.l200l: 



tic c enter ( Eisenhauer et al.| 2005 



2009) , nearby variables (IBenedict et alj 



Reid et al 
20021 



(e.g.jTurner fe Burkdl2002lJSoderblom et alj2005t 
van Leeuwenll2009h. glo bular clusters (e.g., ui Cen, 
van de Ven et al J 12006ft . and the galaxies M33 fc 



Pritzl et al. 2000). Abundance estimates often 



exhibit sizeable random and systemic uncertain- 
ties, in contrast to individual pulsation periods 
Moreover, the correlation is neither li near or uni- 
versa l (e.g. NGC 6441 fc NGC 63 88 IPritzl et al 



200d : IBonol l2003bl : ICatelanl l2009h . Applying 



strict [Fe/H]-M„ relation to RR Lyrae variables 
with differing periods at a common zeropoint may 
yield an acceptable mean distance pending a series 
of ideal circumstances, including where the over- 
estimated distances for shorter-period variables 
perfectly balance the underestim ated distances 
of lon ger period variables ( e.g.. IMaiaess et al 



l2009cl although remedied in IMaiaess! 2009d via 



a reddening-free period-magnitude-colour treat- 
ment). Admittedly, the aforementioned relation 



M106 (lAreon et all Il99a iBrunthaler et all 120051: 



Herrnstein et al. 20051) : appear to in sum bol 



ster and consolidate the scale est ablished by 



Cepheids and RR Lyrae variables (IMacri et al 
200 61: ISaraiedini et all liool IMaiaess et al.l 1200**^ 



Feast et al ■1 120081 : iFeastf l 2008; Grocncwegen et al 



2008t IScowcroft et al.ll2009l; IMaiaess et aLl l2009Bd: 
lMaiaesdl2009dHTurnerll2010h . Yet a significant 
challenge remains to identify and then mitigate 
the uncertainties beyond the 7 — 10% threshold, 
beyond first order. 
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